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I. INTRODUCTION
Linear programming(LP) technique was founded by George B. Danzig in 1947 and successful application of it in agriculture was first proposed by Waugh in 1951 who determined the least-cost combination for the feed stuffs and livestock rations that would meet the specific nutritional requirements [1, 12] . Linear programming is a standard tool that has saved millions of dollars of many production companies and agricultural sectors [5, 12] . An LP crop mix was formulated to determine the optimum combination of crop farm enterprises in Mazowe, Zimbabwe and income increased by 35% [7] . Also [3] used LP technique to determine the optimal enterprise combination for vegetable production in North Central Nigeria and the LP model increased the profit by 88%. A linear programming approach to combination of crop, monogastric farm animals and fish enterprises in Ohafia agricultural zone, Nigeria was studied by [4] and the optimum gross margin rose by 72.90% compared to the existing plan then. A farm resource allocation problem using LP was also investigated by [2] who used LP to determine the optimal crop allocation plan for women farmers under land, labor and capital constraints. The LP showed a 13.6% increase in the gross income.
In Zimbabwe the majority of the population depends on agriculture for their livelihood [9] . The bulk of the land allocated to new farmers in Zimbabwe are underutilized because of a number of reasons which among them are, the use of traditional farming methods which may not follow the optimal path, insecure land tenure system which incentivize investment, limited access to input and output market, credit and off farm employment [9, 10] . Linear programming is an effective technique to produce optimal solutions in rural farms in Zimbabwe [7, 9] . The planning of crop farming entails consideration of resources such as land, accessibility to irrigation water, labour, capital, cropping patterns, cropping intensity, topography and climate [11, 12] . Of the several optimization techniques available the Linear Programming (LP) model is the most used because of its proportionate allocation characteristic [12] . Most small scale farmers rely on experience to allocate the farm resources available [6, 7] . In this paper we want to demonstrate that using the Linear programming models gross income returns are optimal. Using LP model, this study seeks to determine the optimal crop pattern under labor, land and capital constraints allowing the farmer to have optimal profit margin.
II. METHODOLOGY
The study was conducted at a farm in Mutasa, located in Manicaland province of Zimbabwe. The 4 ha small farm grows maize, potatoes, cabbages and tomatoes. The farmer was realizing profits in his farming activity but the rising costs of living in the country has prompted the farmer to find ways of maximizing profits so as to cushion the ever rising inflation in the country. The following simplifying assumptions were adopted in the formulation of the LP model [8] :  The prize of the crop and its yield per ha does not change during the planning period.  Availability of farm land, irrigation water,fertilizer, technology, management, labour, and seed does not change during the planning period.

The land is equally suitable for all the selected crops. You can substitute any one crop with another for any hectare piece of land on the farm. 
A. The linear Programming Model
The objective of formulating the LP model is to maximize gross income or total returns at the end of the planning horizon. The objective function, in a Linear Programming Problem (LPP) reads The farm under study has 4 ha of available farming land. The farmer grows a variety of crops which includes maize, potatoes, cabbages and tomatoes. The farmer's plan prior using LP technique is depicted in Table 1 .
To determine the production coefficients, it is necessary to find the amount of particular input required to produce 1ha of maize, cabbage potatoes and tomatoes. A matrix of these coefficients Table 2 . From experience over the years 2015 -2017 the farmer allocated the 4 ha of land as follows: 2 ha for maize production, 1 ha for cabbage production, 0.4 ha for growing potatoes and 0.5 ha for growing tomatoes. The farmer was getting US$4 000 from 2 ha of maize, US$10 000 from 1 ha of cabbage, US$8 000 from 0.4 ha of potatoes and US$2 414 from 0.5 ha of tomatoes. The farmer realized a gross income of US$ 24 414. The size of land allocated for maize and tomatoes were determined by the immediate neighborhood demand and so the farmer had to grow at least 1 ha of maize and 0.4 ha of tomatoes. In order to apply the LP technique the farmer had to decide on the size of land allocated to each crop. The decision or input variables are:
hectares of land allocated for maize production hectares of land allocated for cabbage production hectares of land allocated for potatoes production hectares of land allocated for tomatoes production The farmer's objective is to maximize total gross margin of producing the crops less costs of transport, fertilizer, pesticides, fungicides, insecticides, seed, irrigation, labour and other operational costs such as electricity, insurance and marketing. The LP model is derived from Table 2 which depicts the farmer's gross income, expenses and limitations per hectare ofeach crop type. The LP model is given by 
III. RESULTS AND DISCUSSION
The crop planning scheme was formulated as a Linear Programming Problem and solved using simplex method using a software package found in Microsoft excel 2017. The farmer's plan without optimization is depicted in Table 1 . The expenditure, gross income and profit realized by the farmer using the existing traditional approach are shown in Table 3 .
Using intuition and experience (traditional approach) the farmer was realizing a net profit of US$12 686.50. Table 4 shows the crop planning scheme as suggested by the LP model.
The LP approach suggests that the farmer should grow 1ha of maize, 1.03ha of cabbages, 1.28ha of potatoes and It is deduced from Table 5 that the farmer was using 97.5% of the available farm land in the existing plan whereas in the optimal plan (LP model) the farmer should use 92.8% of the available land.
In the optimal plan 20% of the available plan is reserved for growing maize compared to 40% in the existing plan. Although maize is a staple food in Zimbabwe whose demand can never be exhausted the LP technique suggests that growing cabbages and potatoes and less maize is more profitable. Information displayed in Table 5 also shown in Figure 1 shows the proportion of land allocated for each of the crops in both the farmers plan and the LP optimal plan by percentage. Using the optimal approach (LP) the gross income is US$39 831.20 compared to US$24 414 realized using the existing approach. Less expenses the optimal approach has increased the profit margin by 76%. Table 6 gives a comparison of the gross income, expenditure and profit of the traditional and approaches.
IV. CONCLUSION
The objective of this study was to implement the Linear programming model to the optimal allocation of farm resources which are subjected to labor, land and capital constraints so as to maximize the profit margin by a small scale farmer in Mutasa district in Manicaland province of Zimbabwe.
The study revealed that the existing farming plan which is based on previous experience has resulted in suboptimal allocation of available resources. Although the farmer was making some profit a comparative analysis of results obtained using the LP model and the existing farming method showed that the LP model increased the profit margin by 76%.The results of the study reveal the superiority of the LP model compared to the existing farming method.
